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Abstract 



The specification describes a high pressure mold assembly for molding a gasket or other molded portion 
on a sheet 12, e.g. of glass, from a thermoplastic or other moldable material such as PVC at high 
pressures of at least 2000 psi. The mold assembly includes a first mold section 14 and a second mold 
section 16 defining a moid cavity 30. The first mold section 14 includes a first seal receiving surface 62 
which receives a first resilient seal 142 while the second mold section 16 has a second seal receiving 
surface 24 which receives a second resilient seal 140. The seals engage and hold the sheet 12 
therebetween and accommodate variations in the sheet. Each of the seals is adapted to press and seal 
against the sheet for preventing the flow of the molten material along the sheet while under high 
pressure of between about 2,000 psi and 5,000 psi. The seals are each protected from the high pressure 
by a shoulder 144, 146 spacing the seal from the mold cavity . Pref erably, the seals 140, 142 are formed 

from urethane, polyethylene terephthalate or silicone rubber. I 
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(57) The specification describes a high pressure 
mold assembly for molding a gasket or other molded 
portion on a sheet 1 2, e.g. of glass, from a thermoplastic 
or other moldable material such as PVC at high pres- 
sures of at least 2000 psi. The mold assembly includes 
a first mold section 14 and a second mold section 16 
defining a mold cavity 30. The first mold section 14 in- 
cludes a first seal receiving surface 62 which receives 
a first resilient seal 142 while the second mold section 
16 has a second seal receiving surface 24 which re- 



ceives a second resilient seal 140. The seals engage 
and hold the sheet 12 therebetween and accommodate 
variations in the sheet. Each of the seals is adapted to 
press and seal against the sheet for preventing the flow 
of the molten material along the sheet while under high 
pressure of between about 2,000 psi and 5,000 psi. The 
seals are each protected from the high pressure by a 
shoulder 1 44, 1 46 spacing the seal from the mold cavity. 
Preferably, the seals 140, 142 are formed from ure- 
thane. polyethylene terephthalate or silicone njbber. 
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Description 

This invention relates to a moid assembly and a 
metl^od for holding a sheet of material during molding. 

In recent years the manufacturing of automobiles 
and other vehicles has included the use of light weight, 
strong modular window assemblies which are made and 
Installed as a single unit from the outside of a vehicle. 
Much less labor is required for such installation than has 
been previously known. Examples of this type of mod- 
ular window assembly are shown in United States Pat- 
ents 4.072,340 and 4, 1 39,234. Generally, these assem- 
blies include a sheet of glass and a peripheral casing or 
gasket of molded polymeric material which extends 
around at least portions of the periphery of the glass. In 
some cases, an integral frame is embedded within the 
casing or gasket. In other cases, an outer frame or bezel 
is secured to the gasket or casing with integral portions 
of the bezel molded into the casing. In yet other cases, 
the casing or gasket is simply mokied from material such 
as polyvinyl chtoride (PVC) or reaction injection molded 
polyurethane and the entire assembly is secured to the 
vehicle by strong adhesives and/or fasteners molded in- 
to and protruding from the gasket and/or attached to the 
glass itself. 

The production of such modular window assemblies 
requires the combination of a sheet of glass and a pol- 
ymeric gasket. The glass is configured to cover the 
shape of an opening In a vehicle, such as a windshield 
opening, a back light opening, or a skJe view opening 
as well as being curved to the contour of the overall ve- 
hicle body shape. The gasket or casing must be formed 
and adhered to a portk>n of the glass such as its periph- 
ery to not only properly seal the window around the ve- 
hicle body opening but also to provide appropriate trim 
or body filling portions to meet required appearance 
standards. The gasket or casing is typically applied to 
the periphery or another portbn of the glass sheet by 
reactton injectfon molding or PVC moWing. 

in reaction injection molding (RIM), two agents are 
Injected into the nK>ld cavity of a nrwiding apparatus. The 
agents combine in a chemteal reaction to form a ther- 
mosetting, resinous urethane material. Since RIM is a 
chemical reaction molded process, the pressure re- 
quired for the process is low on the order of 50 psi. 

In PVC molding, the PVC is melted and then inject- 
ed into the mold cavity of the mold assembly- The molten 
PVC Is typk^ally injected under pressures ranging from 
2.000 psi to 5,000 psi. The cycle time of the PVC nrxjld- 
Ing process is much faster that RIM and entails lower 
material costs than reactran injection molding, as the 
cost of PVC is lower than the cost of the agents required 
in RIM. Moreover unlike RIM, the PVC is thermoplastic 
and recyclable and. therefore, scraps from the molding 
process may be reheated and reused again in another 
cycle, thereby helping to reduce overall material costs. 

One significant problem frequently encountered in 
both such methods of manufacture is the breakage of 



glass when the mold sections used to make such as- 
semblies are closed. Glass sheets which are cun/ed, 
shaped, and contoured include a relatively wde range 
of permissible piece to piece variation In their contour. 

5 Consequently, when rigid mold sections are closed 
around a sheet having a greater variation in contour than 
the moW permits, such sheet may be bent beyond its 
fracture point or be broken, chipped, damaged, or oth- 
erwise made unsuitable for use. This is especially true 

10 for more highly contoured glass sheets in recently de- 
vebped aerodynamical ly styled vehk:les in the United 
States and elsewhere. In PVC molding, the percentage 
of glass breakage Is typtoaity greater than for RIM. In 
conventional PVC molding, the shut off surfaces for the 

IS PVC. which close the mold cavity along and around the 
glass sheet, comprise rigid steel surfaces, which are 
conventionally required in order to resist the high pres- 
sures associated with the PVC molding process. Be- 
cause these surfaces are rigid, they cannot adequately 

20 accommodate the degree of tolerance variations exhib- 
ited in highly contoured windows. Moreover, with the 
high pressures associated with the PVC molding proc- 
ess, the holding force of the mold sections is significantly 
greater than for RIM. The combined effect is to have a 

2S greater percentage of glass breakage in PVC molding 
than in RIM. 

A second major problem encountered in the manu- 
facture of such modular window assemblies, is the over- 
flow or flashing of polymeric or other flowable nrx>lding 

30 material out of the desired nrKsId cavity at the peripheral 
edge of the glass sheet either onto the viewing areas of 
the glass or away froni the gasket or casing position. 
Overflow or flashing can be reduced by increasing the 
holding pressure on the sheet. However, this will have 

35 the adverse effect of increasing the percentage of 
breakage. This unsightly "flash" or mold overflow re- 
quires manual trimming with knives or razor blades after 
molding. Extensive trimming raises the cost of such as- 
semblies or requires scrapping such parts if the overflow 

40 or flash is extensive. 

In reaction injection nrwiding (RIM), resilient seals 
are often provided to stop the flash of the sealant mate- 
rial. These seals are typically located at the distal edge 
of the mold assemblies and abut the mold cavity provld- 

45 Qd for the seal material. Heretofore, these seals have 
been unavailable for use in PVC molding, because the 
seals cannot withstand the high pressure associated 
with the PVC molding process. If use was attempted in 
PVC molding, the seals typically ruptured or released 

so an uncontrolled amount of gasket nrtaterial onto the 
viewing the surface of the glass, in the extreme case, 
the seals are blown out and the glass sheet breaks. 

Accordingly, there is a need for a high pressure 
mold assembly and method for holding a sheet of glass 

55 during a molding process with PVC. other thermoplastk; 
or resinous materials, or other nr»terials molded under 
high pressure that will accommodate sheets of glass 
with a greater range of dimensional variations and will 
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significantly reduce the brealoge of the sheets during 
the molding process, while maintaining or controlling the 
amount of flash or overflow of the flowable PVC or other 
moldable material onto the sheet of glass. 

This object Is met by the invention claimed in claims s 
1 and 15. 

The improved apparatus and method disclosed 
herein provides for soft or resilient seals for high pres- 
sure molding, the seals suspending the sheet of glass 
between the two rigid nnold sections, which significantly io 
reduces the frequency of glass breakage. The resilient 
seals are protected from the high pressure of the mold- 
ing process by their location and by the configuration of 
the first and second seal receiving surfaces. The flash 
and overflow is controlled by maintaining the gap be- is 
tween facing surfaces of the first and second seal re- 
ceiving surfaces of the nrK)id section and the glass sheet 
in a specified range. 

Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companytng drawings, in which: 

Fig. 1 is a partial plan view of one-half of the lower 
mold section of an embodiment of the present in- 
vention adapted for forming a vehicular modular 2S 
window assembly from PVC injection molding; 

Fig. 2 is a partial plan view of one-half of an upper 
mold section of the embodiment shown in Fig. 1 ; 

30 

Fig. 3 is a cross sectional view of the closed mold 
assembly taken along line Ill-Ill of Figs. 1 and 2; 

Fig. 4 is an enlarged sectional view of the closed 
mold assembly taken along line 1 V-IV of Fig. 1 illus- 3S 
trating a pair of seals and a sheet of glass held ther- 
ebetween and projecting into the mokl cavity; 

Fig. 5 is an enlarged sectional view of the closed 
mold assembly taken along line V-V of Figs. 2 illus- 40 
trating an injection gate; 

Fig. 6 is a partial sectional view of a portion of the 
closed mold assembly taken along line VI-VI of 
Figs. 1 and 2 showing the sheet material therein and 4S 
the mold cavity for molding the gasket around the 
sheet periphery and further illustrating an ejector 
assembly; 

Fig. 7 is an enlarged sectbnal view similar to Figure so 
4 illustrating the sheet material therein and a sec- 
ond embodiment of the seals; 

Fig. 8 is a partial plan view of one-half of a lower 
mold section of a second embodiment of the ss 
present invention adapted for forming vehk^ular 
modular window assemblies from PVC in]ectk)n 
molding; 



Fig. 9 is a partial plan view of one-half of an upper 
mold section of the embodiment shown in Fig. 8; 

Fig. 10 is a cross sectional view of a ctosed mold 
assembly of the second embodiment taken along 
line X-X of Figs. 8 and 9 showing the nrK>ld assembly 
enclosing a sheet of glass after the injection of flow- 
able PVC into the mold; 

Fig. 11 is a cross sectional view of the closed rrK>ld 
assembly taken along line XI-XI of Figs. 8 and 9 il- 
lustrating an ejector assembly of the second em- 
bodiment; 

Fig. 1 2 is an enlarged sectional view of a portion of 
the closed mold assembly taken atong line XII-XII 
of Figs. 8 and 9 illustrating the sheet material therein 
and a third embodiment of the seals; 

Fig. 13 is an enlarged sectional view of a portion of 
the closed mold assembly taken along line Xlll-Xlll 
of Figs. 8 and 9 illustrating the sheet nnaterial therein 
and a second embodiment of the gasket material 
with an insert molded therein; 

Fig. 14 is an enlarged partial sectional view similar 
to Fig. 12 illustrating the sheet material therein and 
the seals supporting the sheet; 

Fig. 15 is a cross sectional view taken akxig line 

XV- XV of Figs. 8 and 9 illustrating an injectnn gate 
of the second embodiment; and 

Fig. 1 6 Is a cross sectional view taken ak>ng line 

XVI - XVI of Figs. 8 and 9 illustrating a pin and bush- 
ing assembly of the second embodiment. 

Referring now to the drawings in greater detail. 
Figs. 1 -7 illustrate a first embodiment of a mold assem- 
bly 10 of the present invention adapted for encapsulat- 
ing a configured, shaped sheet 1 2 of laminated, temper- 
ed or other strengthened, safety glass, which may in- 
clude a layer of frit on a back surface of the peripheral 
portion of the sheet, with a peripheral casing or gasket 
1 3 of a molten thermoplastic material, such as polyvinyl 
chloride (PVC). If a layer of frit is applied to the glass 
sheet 1 2, the frit layer (not shown) is typically applied to 
a rear surface of the glass sheet during the glass sheet 
forming process, which is used to form an opaque, black 
ceramic layer. The frit layer typically extends inwardly 
for one to four inches around the entire periphery to ob- 
scure the molded gasket or casing and attachment 
mechanisms referred to earlier, such as fasteners, and 
hide them from view from the front glass surface. The 
gasket or casing with or without an attachment mecha- 
nism is typically molded over and on the frit layer. The 
preferred ceramic paint is manufactured by Drakenfekd 
Color. Inc. of Washington, Pennsylvania. The paint in- 
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eludes small ceramic particles and suitable metat oxide 
pigment suspended in oil of a type conventionally known 
in the art applied to the glass surface and fired to fuse 
the layer to the glass. 

Mold assembly 10 includes an upper mold portion 
14 (Figs. 2, 3 and 6) and a lower mold portion 16 (Figs. 
1 , 3 and 6), which define a mold cavity 1 8 therebetween. 
Upper and lower mold portbns 14 and 16 are typically 
mounted in a molding machine which moves the upper 
mold portion 14 toward the lower mold portion 16 for 
holding sheet 12 therebetween and away from lower 
mold portion 16 when at the end of the molding cycle. 

As shown in Figs. 1-3, lower mold portion 16 in- 
cludes a lower support 20 to which a lower mold section 

22 is secured by bolts (not shown). The lower surface 

23 of lower mold section 22 is generally flat and rests 
on lower support 20 while the upper surface 24 includes 
a recess/ relieved area 25. Upper surface 24 defines a 
first seal receiving surface, which receives a seal 140 
for supporting glass sheet 1 2 and is curved to the de- 
sired contour of the ultimate window shape to be pro- 
duced with the mold assembly. Upper surface 24 ex- 
tends around recess area 25, which accommodates dif- 
ferent cord heights and variations in the shape of the 
glass sheet 12 when closed in the mold without break- 
age, chipping, or damage. Furthermore, recess area 25 
includes a removable glass breakage tray 27, which is 
positbned below the sheet 12 so that the pieces of bro- 
ken glass may be collected into the tray 27 and removed 
from the mold assembly 10 in the tray 27 by the tray's 
handle 27a. 

Extending around the periphery of the lower mold 
section 22 is a planar surface 26 defining the parting line 
between the upper and lower mold portbns 14 and 16. 
Intermediate the parting surface 26 and first seal receiv- 
ing surface 24. is the mold cavity 18. Mold cavity 18 in- 
cludes portions from both the upper and lower mold por- 
tions 1 4 and 1 6 and forms the casing around the periph- 
ery of the glass sheet 12. As best seen in Figs. 3, 4, 5, 
and 9, bwer mold section 22 includes a lower mold cav- 
ity surface 30 of curved configuration, which extends 
along and outlines the entire periphery of the glass sheet 
12 when mounted In the mold assembly 10. Cavity sur- 
face 30 of k>wer mold section 22 extends from a position 
spaced inwardly of the peripheral edge of the glass 
sheet 1 2, when mounted In the mold assembly, to a po- 
sition outwardly of the glass periphery to form the full 
width of the gasket or casing. 

Upper mold portbn 14 corresponds to the lower 
mold portion 16 and includes an upper support plate 40 
to which an upper mokJ section 42 is bolted (not shown). 
Upper mold section 42 includes a planar upper surface 
44 for engaging the upper plate 40 and a planar lower 
surface 43 extending around its periphery which also 
defines the parting surface for the upper mold section 
42. Planar surface 43 engages parting surface 26 on the 
lower mold section. In order to prevent compression, 
fracture, or other damage to the supported glass sheet 



12 when the glass sheet 12 is inserted within the mold 
assembly 1 0, upper mold section 42 Includes a rigid, sl- 
klable moveable mold portion or pressure pad 46 
mounted within a central recess 48, defined by generally 
s vertical walls 50 in the upper mold sectkMi 42. Pressure 
pad 46 has an outline corresponding in shape to the pe- 
riphery of the sheet of window glass 12 which will ulti- 
mately form the window assembly and is slidably mount- 
ed within recess 48 along walls 50 on a series of down- 
10 wardly extending headed support bolts 52 (Figs. 2 and 
6), which are mounted at spaced locations around the 
periphery of the pressure pad 46. Bolts 52 provide 
guides and are threaded into apertures 42a In the k>wer 
surface of the upper moki section 42 (Fig. 6) and extend 

IS into corresponding cylindrical bores 56 provided in pres- 
sure pad 46. As best seen in Figure 6, the heads 53 of 
bolts 52 are received in slightly larger cylindrical recess- 
es 58 formed in pressure pad 46, which extend into the 
lower surface of the pressure pad 46. 

To urge pressure pad 46 toward the lower nrK>ld sec- 
tion 22, a plurality of resilient members or springs 60 
(Fig. 3) are interposed between a top surface of pres- 
sure pad 46 and the upper surface of the recess 48. 
each aligned such that the springs 60 urge pressure pad 

2S AS outwardly from upper mold section 42 toward the first 
seal receiving surface 24. Springs 60 preferably com- 
prise urethane discs but may also comprise convention- 
al springs, hydraulic cylinders, pneumatic bladders, or 
any other resilient material that nriay be substituted for 

30 springs 60 to provide appropriate biasing force for the 
pressure pad against the glass sheet 12. The top of re- 
cess 58 engages the head 53 of bolt 52, to limit outward 
extension of the pressure pad 46. The k>wer surface of 
pressure pad 46 includes a peripheral second seal re- 

35 ceiving surface 62 (Fig. 4) which is contoured to the 
shape of the glass sheet 1 2 and receives a second seal 
142 for engagement with the sheet of glass 12 without 
damage to the sheet 1 2. The first and second seals 1 40 
and 142 substantially suspend the glass sheet 12 be- 

40 tween the upper and lower mold sectk>ns 42 and 22 so 
that the mold assembly 10 can accomnrHxlate the vari- 
ations in the glass sheet 12. 

The central area of the glass facing side of the pres- 
sure pad 46 includes a recess/ relieved area 64 (Fig. 4) 

46 which extends inwardly from the inner periphery of sec- 
ond seal receiving surface 62. Accordingly, when the up- 
per and lower mold sections 22 and 42 are cbsed, pres- 
sure pad 46 is urged toward glass sheet 12 by springs 
60 and firmly positions glass sheet 12 against seal 140 

so in the first seal receiving surface 24 with a periphery of 
the sheet extending into mold cavity 16. The resiliency 
of pressure pad 46 on spring 60 also helps eject the 
completed molded window assembly from the mold af- 
ter formation when the mold is opened. 

55 As seen in Figs. 4 and 7, a molding surface 66 de- 
fining the upper mold cavity surface is formed in the area 
between the peripheral edge of pressure pad 46 and the 
planar parting surface 43. Upper moldcavity surface 66 
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extends substantially parallel to the upper surface of the 
glass sheet and then curves downwardly toward the 
lower cavity surface 30 after which again curves up- 
wardly to meet the parting surface 43. This configuration 
defines a weather strip or seal In the finished window 
assembly, which seals against the vehicle body when 
the window is installed. The inner edge of the upper 
mold cavity surface is defined by the outer periphery of 
the pressure pad 46 and extends downwardly to a po- 
sition spaced slightly above the surface of the glass 
sheet. 

Accordingly, when the upper and lower mold portions 1 4 
and 16 are closed, mold cavity 18 is defined by the pe- 
ripheral edge of the pressure pad 46, upper surface 66, 
and lower cavity surface 30. First seal receiving surface 
24 of lower molding section 22 includes a recess or 
groove 68, spaced inwardly from the periphery of the 
first seal receiving surface 24, whose inner and outer 
walls extend upwardly toward the glass. In a similar 
manner, pressure pad 46 includes a groove or recess 
70, spaced Inwardly from the peripheral edge of the 
pressure pad 46, whose Inner and outer walls extend 
downwardly toward the glass. Inner and outer walls of 
recesses 68 and 70 are generally parallel and define 
generally rectangular cross-sections for holding seals 
1 40 and 1 42 therein, as will be more fully discussed 
hereafter. 

Mold assembly 10 Is adapted to form a gasket or 
casing from a molten, thermoplastic gasket or casing 
material such as polyvinyl chloride (PVC), or another 
resinous nnaterial, for example thermoplastic rubber or 
thermoplastic urethane, which must be injected under 
high pressure and elevated temperature. Typical tem- 
perature ranges for PVC injection are on the order of 
approximately 3750 to 4100 F at a pressure of between 
about 2,000 and 5,000 pounds per square inch (psi). In 
order for molten gasket material to form the gasket, it 
must be cooled. Therefore, mold assembly 10 includes 
a cooling system, which includes a series of water pas- 
sageways 72 (Figs. 1 and 3). WSater passageways 72 
interconnect to an external water supply through Inlet 
74, and discharge to an extemal discharge system 
through an outlet 75 in each mold section. When the 
mold assembly 10 is in use. cold water is pumped into 
inlets 74 and through the upper and lower mold sections 
42 and 22 to cool the mold sections 42 and 22 so that 
the gasket material will properly cure and set during the 
molding process. The water cooling temperatures are 
preferably maintained at a generally constant tempera- 
ture in a range from IIO0 to 1300 F and circulated con- 
stantly during the molding process. 

To aid in the alignment of the glass sheet 12 in the 
mold assembly 10, mold assembly 10 includes a plural- 
ity of adjustable glass holders or positioning guides 85 
mounted in a recess 89 of lower mold section 22. Glass 
holders 85 are conventionally used in molding appara- 
tus and assist In the posltk>ning and aligning of the glass 
sheet 12 in the mold assembly 10 by providing rigid 



markers for the perimeter of the glass sheet 1 2. When 
an operator places the glass sheet 12 In mold assembly 
1 0, the operator places the sheet so that the sides of the 
sheet 12 abut the free ends 85a of the glass holders 85 

5 to assure proper placement of the sheet within the mold 
assembly 1 0. 

The separation of the glass sheet 1 2, with the mold- 
ed gasket 13 (Fig. 4), from the mold assembly 10 after 
molding is achieved by cooperating ejection assemblies 

10 90 (Fig. 6), which are secured in recesses 92 and 94 
provided in upper and lower mold portions 14 and 16, 
respectively. Each of the ejector assemblies 90 is gen- 
erally kJentical and includes a rod 96 which extends out- 
wardly from an air operated cylinder 98 upon opening 

IS the mold assembly 10. A suction cup assembly 100 is 
secured to the outer end of each rod 96 by a threaded 
connection. Suction cup assemblies 100 are provided 
on the lower ejection assemblies to hold the glass sheet 
in place during the molding process and while the upper 

20 mold section 42 Is raised. Suction cups 1 00 have an out- 
er surface that will not scratch or mar the surface of the 
glass sheet when moved Into contact with the glass and 
are actuated by evacuatbn of air to grip the sheet of 
glass 1 2. The air is supplied to or rennoved from the suc- 

25 tion cups 1 00 and cylinders 98 by tubing 1 02. Lower suc- 
tion cup 100a is actuated to hold the underside of the 
glass sheet 1 2 when the glass sheet 1 2 has been placed 
in the mold and aligned with the glass holders 85 so that 
the glass sheet is heki by the suction cups 1 00a during 

30 the nrK>lding and encapsulation process. This insures 
that the glass will not shift during the molding process. 

When moki assembly 10 is opened, conventtonally 
known controls deliver the air to tubing 102 to actuate 
air cylinders 98 of upper ejector assembly 90b to extend 

35 rod 96 outwardly to contact glass sheet 12 to separate 
glass sheet 1 2 from surface 62 and pressure pad 46 and 
separate the gasket 13 from the mold cavity 18, espe- 
cially if there is any suction or vacuum created behind 
the glass surface. Thereafter, when the upper mold sec- 

40 tion 42 is moved away from the tower mold section 22, 
the lower ejector assemblies 90a are actuated by con- 
ventkxially known controls to extend rods 96 and lift the 
entire modular window assembly from surface 24 and 
allow an operator to manually remove the capsulated 

45 sheet of glass 1 2 from the mold assembly Suction cups 
100a help retain glass sheet 12 in place so that it can 
then be nrraved by an operator. 

As best seen in Figs. 1 , 2, and 6, upper and tower 
mold sections 42 and 22 are guided and located with 

so respect to one another when the mold assembly 10 is 
closed by a plurality of cylindrtoal guide pins 112 mount- 
ed adjacent the comers of the tower moto section 22. 
Guide pins include upwardly extended cylindrical por- 
tions 114 which are received in guide bushings 116, 

ss which are mounted in the corresponding corners of the 
upper mold section 22. Accordingly, projections 114 are 
received in bushings 11 6 to register and to align the up- 
per and lower mold cavity surfaces 66 and 30 around 
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the periphery of the sheet 1 2 to properly form mold cav- 
ity 18. Furthermore, guide pins 112 are mounted in a 
raised corner section 117 of the lower mold assembly 
22. Similarly, bushings 116 are mounted on a recessed 
corner portion 118 of upper mold section 42. The sides 
117a of the raised comer portion 117 in the lower mold 
section 22 are sloped. The walls 118a of the recessed 
corner portion 1 1 8 of upper mold section 42 are similarly 
sloped so that the recessed comer portion 118 and 
raised corner portion 117 cooperate to further align up- 
per mold portion 1 4 and the lower mold portion 16 of the 
assembly 10. Moreover, the sbping sides 117a of the 
respective raised comer 117 and sloping walls 118a of 
the recess 1 1 8 provide a lateral restraint which prevents 
the upper mold portion 14 and lower mold portion 16 
from shifting with respect to each other when the mold 
assembly is injected with the molten thermoplastic ma- 
terial. 

As shown in Figs. 2, 3 and 5, after closing of the 
mold assembly 10. molding material, which preferably 
comprises a thermoplastic material such as PVC, is in- 
jected into mold cavity 1 8. The moften gasket material 
is delivered to the mold cavity 18 by a cold runner sys- 
tem 125. Cold runner system 125 comprises a plurality 
of channels 1 26 formed in upper mold section 42 which 
extend from an inlet port 1 27 provided in the upper mold 
portion 16 to the cavity 18. The channels 126 extend 
from the inlet port 127 to a plurality of injection gates 
1 30, which are positioned along the periphery of the up- 
per mold pressure pad 46 and are positioned at spaced 
positions abng and above cavity 18. Channels 126, 
while positioned in the upper mold section 42 of mold 
assembly 10, are in communication with the planar part- 
ing surface 26 of the lower mold section 22 of the mold 
assembly. Thus, when the molding process Is complete 
and the upper portion mold section 42 lifted off the lower 
mold section 22 of the mold assembly 10, the thermo- 
plastic material which still remains in the channels 126, 
will be solidified and can be manually removed from 
channels 126 after the process is complete. 

Gates 130 comprise first and second gate halves 
131 and 132, which are secured together by a plurality 
of fasteners 1 33 (Fig. 5). Each gate 1 30 includes an inlet 
1 34 and an outlet 1 35. The inlet is in communication with 
channels 126, while the outlet 135 opens directly into 
the mold cavity 18. Extending between inlet and outlet 
134 and 135 is a passageway 136 which is formed by 
corresponding channels 1 36a, 136b provided In the re- 
spective gate halves 131 and 132. As best seen In Fig. 
5, the passageway 1 36 has a generally cashew shape 
path with a larger cross section at the inlet 134 and a 
smaller cross section at the outlet 135. The necked- 
down, smaller cross section at the outlet 1 35 permits the 
solidified thermoplastic that remains in the cashew pas- 
sageway to be easily trimmed off the final gasket 13 
fomned on the periphery of the glass sheet 12. The ta- 
pered shape alk>ws solidified thermoplastic material to 
be manually withdrawn through inlet 1 34 when the mold 



is opened. 

As described prevk)usly, grooves 68 and 70 are 
formed in the respective first and second seal receiving 
surfaces of pressure pad 46 and lower mold section 22 

5 for housing seals 1 40 and 1 42. Grooves 68 and 70 pref- 
erably include a square shaped channel cross-section 
(Fig. 4). Groove 68 preferably has dimensions in the 
range of approximately 0.22" to 0.23" for depth and 
0.230" to 0.24" for width. 

10 Groove 70 preferably has dimensions in the range 
of approximately 0.21 " to 0.22" for depth and 0.230" to 
0.24' for width. As best seen in Figs. 4 and 7, seal 142 
extends beyond the lower surface of the pressure pad 
46 to engage the glass sheet 12. Preferably seal 142 

IS extends approximate 0.01 " from the second seal receiv- 
ing surface 62. Furthermore, seal 142 is spaced from 
the periphery of the pressure pad 46 in groove 68 so 
that the seal 1 42 is protected from the high pressure as- 
sociated with the injection of the thermoplastk; material. 

20 Preferably, the distance from the peripheral edge of the 
pressure pad 46 and the first outer wall of groove 70 is 
in the range of 0.08 inches to 0.135 inches. More pref- 
erably, the distance from the peripheral edge of the pres- 
sure pad 46 and the first outer wall of the groove 70 Is 

25 in a range of approximately 0. 1 1 5 inches to 0. 1 35 inch- 
es. It has been found under high, pressure that a shoul- 
der 1 44, which is formed by the spacing of the seal 1 42 
from the periphery of the pressure pad 46, protects the 
seal from the high pressure. On the other hand, this dis- 

30 tance must be kept relatively small in order to reduce 
the amount of flash that occurs on the portion of the 
glass extending under the shoulder 144. In most appli- 
cations, where the glass sheet variations are within nor- 
mal ranges, seal 142 is preferably a urethane material. 

35 Most preferably, seal 142 is a thermoset polyurethane, 
type GC1095, available from Gallagher, in Gumee, Illi- 
nois, with a durometer of 95 shore A. Alternatively, for 
the glass sheets having greater degrees of variation, 
seals 140 and 142 may comprise a silicone rubber ma- 

40 teriai, such as a silicone rubber under the formulatbn of 
ULTRASIL, available from United Silicone. Inc. in Lan- 
caster, New York, which has a durometer of 80 shore A. 
The silicone rubber will provide a softer seal and, there- 
fore, will better accommodate to the variations in the 

45 sheet of glass 1 2. However, a greater amount of flash 
may be experienced when using the silicone seal be- 
cause the gap between surface 62 or 24 and the surface 
of the glass sheet will be somewhat larger. 

Lower seal 140 Is similarly positioned in groove 70 

50 of first seal receiving surface 24 of the lower nrK>ld sec- 
tion 22. Seal 140 is similariy spaced from the edge of 
the first seal receiving surface 24 to prevent the high 
pressure associated with the injection process from 
damaging seal 140. A corresponding shoulder 146 is 

55 formed on the first seal receiving surface, which has 
similar dimensions to the shoulder 144 of the pressure 
pad 46. In applications, where the glass sheet 12 has 
less variatk>n, i.e., less highly curved glass configura- 
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tions, seal 140 may comprise a polyethylene terephtha- 
late (PET) seal, available from Airo Plastics, in Jackson, 
Mississippi. PET seats are generally less flexible than 
urethane seals. Consequently, the gap between surface 
24 and the glass sheet can be less, and the amount of 
flash, if any, is minimal. As best seen in Fig. 4, the PET 
seal 1 42 projects from the second seal receiving surface 
62 of the lower mold portion 1 4 by a distance in the range 
of approximately 0.001 Inches to 0.003 inches. In other 
applications, a single seal may be provided on either the 
pressure pad 46 or the first seal receiving surface 24 of 
lower mold section 22. However, as best seen in the sec- 
ond embodiment of Figs. 8-1 6, in applications where the 
glass sheet has a greater degree of curvature or varia- 
tion, both seals 140 and 142 may comprise silicone rub- 
ber as described above. With silicone rubber seals, 
however, the gap between the first seal receiving sur- 
face 24 and the glass sheet is then increased to a range 
of approximately 0.007 to 0.015 inches, preferably 
0.007 to 0.01 3 inches. 

After sheet 12 of pre-cut safety glass is placed on 
the seals 140 in the first seal receiving surface 24 with 
Its peripheral edge extending Into the mold cavity 18, 
mold assembly 10 is closed. The glass sheet 12 prefer- 
ably has previously been cleaned and primed around Its 
periphery with a primer material in the areas to receive 
the gasket material, which promotes adhesion of the 
gasket material to the glass. After the glass is primed 
and the glass sheet 12 is placed in the lower mold sec- 
tion 22 of mold assembly 14, as guided by holders/ 
guides 85, the mold assembly 10 is closed as guided by 
pins 112 which register with bushings 116 to cause the 
mold cavity surfaces 30, 66 to properly align with one 
another. During closing, seal 142 in surface 62 engages 
the periphery of the upper surface of the glass sheet 12 
and forces the glass sheet 12 against seal 140 the first 
seal receiving 24 in the lower moid section 22, causing 
the seals to compress slightly, depending on their hard- 
ness. No breakage or fracture of the glass sheet 1 2 oc- 
curs since the glass sheet is effectively suspended be- 
tween the upper and tower moki secttons 42 and 22 
which permits accommodation of greater variatk>ns in 
the glass dimensions. The force of the springs 60 for 
pressure pad 46 is chosen to be sufficient enough to 
seal off and prevent flash or overflow of the molding ma- 
terial from the mold cavity to the viewing area of the 
glass but not so strong as to break the glass. Spring 
pressure may be adjusted with shims, spacers, or sub- 
stitutk>n of different springs of different strength. 

After mold assembly 1 0 Is ck>sed, and vacuum cup 
assemblies 100a are activated, the upper mold section 
42 is clamped with conventtonally known apparatus in 
the moMing machine at a clamping pressure adequate 
to control flash or overflow. Typically, such pressures are 
in the range of 400 to 600 tons for larger rearvlew win- 
dows and 200 to 400 tons for smaller side windows, de- 
pending on the projected area of the gasket to be 
formed. The molten gasket material is injected into the 



12 

mold cavity 18 at approximately 2,000 to 5,000 psi. 
Pressure within the mokJ cavity is monitored by a con- 
ventk>nal pressure transducer 28a (Fig. 2) so as to pre- 
vent over pressurization of the cavity. Upon initial Injec- 

5 tion. the material fills the cold runner system 1 25, which 
directs the molten gasket material to the mold cavity 1 8 
through gates 130. While some flash may be exhibited 
below the shoulders 144 and, possibly, above shoulders 
1 46, it is sufficiently controlled so that it can be easily 

10 renrraved from the glass sheet 12 after molding. Upon 
filling of the mold cavity 1 8, the mold material, when en- 
tering from passageways 1 36. forces any air in cavity 
16 which is not vented through the parting surfaces 26 
and 43 through vents (not shown) provided In the tower 

^5 portion of the mold cavity. Air contained in mold cavity 
1 8 is vented to the atmosphere through a vent line which 
couples to the vent in the mold cavity, which Is provided 
in the tower mold portion 16 of the mold assembly 10. 
In addition, small passageways may be formed along 

20 the parting surfaces of the upper and lower motel por- 
tions to altow air to escape from nrK>ld cavity 18 but are 
sufficiently small to prevent escape of any moMing ma- 
terial. 

Cold water is pumped through passageways 72, 74 

2S to cool the upper and lower portions 14 and 16 of the 
mold assembly 10 so that the molten gasket material 
will cure after it reaches and fills the mold cavity 18. The 
temperature of the water is maintained in a range of ap- 
proximately 110 degrees to 130 degrees. After an ap- 

30 proprlate curing time, usually in the range of 1 20 to 1 40 
seconds, the mold assembly is opened and the ejector 
assemblies 90 are actuated, by air delivered in tubing 
102, to push sheet 12 off upper nrK)ld section 42. 
Furthermore, ejector assemblies 90a urge glass 12 out- 

55 wardly from the lower portion 16 of the mold assembly 
10 to allow removal of the glass sheet 12. 

As shown in Figs. 8-16, a second mold assembly 
200 is illustrated. Mold assembly 200 is generally similar 
to the motel assembly 10 and Includes a lower motel por- 

40 tion 214 and an upper mold port ton 21 6, which define a 
mold cavity 218 therebetween. Lower portton 214 of 
mold assembly includes a lower mold section 222 hav- 
ing a lower surface 223 and an upper surface 224. Low- 
er mold sections 222 is supported on a lower support 

45 member 220. Upper portion 21 6 of mold assembly 200 
includes an upper mold section 242 and a movable pres- 
sure pad 246, which is movably mounted in the upper 
mold section 242 in recess 248. In a similar manner to 
the previous embodiment, lower motel section 222 and 

so pressure pad 246 include grooves 268 and 270 formed 
on their first and second seal receiving surfaces 224 and 
262 (Fig. 12), respectively. Mold assembly 200 is pro- 
portioned to support a larger glass sheet 212, for in- 
stance a sheet of glass used for a sunroof window, rear 

55 window, or a tailgate, and Is more typically used with 
sheets of glass 212 which have greater variations in 
their surfaces. To accommodate these greater varia- 
tions in the surface of the glass sheet 21 2, mold assem- 
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biy 200 includes seals 340 and 342 in grooves 268 and 
270, which are preferably silicone rubber as described 
above In connection with embodiment 10. By providing 
seals 340 and 342 with a material having greater flexi- 
bility, the variations in the glass sheet 21 2 can be better s 
absorbed by seal 340 and 342. 

Again, in a similar manner to the previous embodi- 
ment, seals 340 and 342 are spaced from the periphery 
of the pressure pad 246 and the second seal receiving 
surface 262. Shoulders 344 and 346 are defined by the 
space between the seals 340 and 342 and the edge of 
the mold cavity 218, which protect the seals 340 and 
342 from the high pressure associated with the molten 
gasket molding process. 

In order to protect seals 340 and 342 and to control 
the flash, moid assembly 200 provides gaps preferably 
in the range of approximately 0.007 inches to 0.013 
inches between the second seal receiving surface 262 
of the pressure pad 246 and the top surface of the glass 
sheet 212 and gaps in the order of approximately 0.007 
inches to 0.01 3 inches between the lower surface of the 
glass sheet 212 and the first seal receiving surface 224 
of lower mold section 222. It has been found that while 
these gaps result in an increased amount of flash on the 
upper and lower surfaces of glass sheet 212. this flash 
in controlled by the width of the shoulders 244 and 246 
and by the height of the gaps. It has been found that a 
gap in the specified ranges recited above will assure that 
the flash produced will be of sufficient thickness to be 
easily trimmed and removed from the glass 21 2. 

Similar to the prevbus embodiment, moid assembly 
200 further includes ejection assemblies 290. In this em- 
bodiment, each ejection assemblies 290 Includes a pad- 
ded or resinous plastic head 300 on the distal end of rod 
296, which extends in and out of an air cylinder 298. 
Heads 300 are each threadingly secured to the outer 
end of the rod 296 and generally circular in shape, with 
an outer surface or layer of nylon or other resilient ma- 
terial which will not scratch or mar the surface of the 
glass sheet when moved into contact with the glass 
sheet 212. Ejection assemblies 290 are supported in a 
similar fashion to the ejection assemblies 90 of the pre- 
vious embodiment and are housed In recesses 292 and 
294 provided in lower and upper mold sections 222 and 
242 of mold assembly 200, respectively. A plurality of 
suction cup assemblies 302 are provided adjacent ejec- 
tion assemblies 290 to hold the glass sheet during the 
mokding process and after the upper mold section 242 
is removed from the bwer mold sectbn 222. Each suc- 
tion cup assembly 302 includes a conventional suction 
cup, which cooperates with a pneumatic air system, 
which supplies air to the suction cups 302 through tubing 
304. Tubing 304 delivers and removes air to and from 
the suction cups 302 and to and from cylinders 298 so 
that when the encapsulation process is complete and 
the upper portion 216 of mold assembly 200 Is raised 
off the glass sheet 212, the glass sheet 112 is lifted off 
the upper mold section 242 by the extensbn of the rods 



296 of ejectors 290 in the upper mold section and lifted 
off lower mold section 222 by the extension of rods 296 
of the ejectbn assemblies in the lower mold section. 
Glass sheet 212 is hekl in place by suctkHi cup assem- 
blies 302 for removal by an operator. 

Pressure pad 246 is supported from the upper sup- 
port mold sectkjn 242 by a plurality of bolts 252 (Fig. 9), 
which include enlarged bolt heads 253. Bolts 252 oper- 
ate in a similar manner to bolts 52 of the previous em- 
bodiment, in that they permit the pressure pad 246 to 
move from a fully retracted position within the central 
recess 248 of upper nfK)ld sectbn 242 to an extending 
position in which pressure pad 246 presses against 
glass sheet 212. In this particular embodiment, pressure 
pad 246 is biased in the extended position by a plurality 
of coil springs 260. Springs 260 comprise conventional 
coil springs available from AJACS Die Sales Corp. in 
Grand Rapids. Michigan. However, springs 260 may 
comprise, as illustrated in reference to the previous em- 
bodiment, a urethane spring having a cylindrical body. 

In order to further improve the ability of the pressure 
pad 246 to acconruTKxIate the variations of the glass 
sheet 21 2. pressure pad 246 includes a plurality of sep- 
arate pressure pad portk^ns 308 (Figs. 9 and 11 ), whteh 
are independently supported from the upper mold sec- 
tion 242, one at each forward corner of the window. The 
independent pressure pad sections 308 include a pair 
of springs 260a which bias the independently supported 
pressure pad portion 308 from the upper surtace of the 
upper mold sectbn 242. Furthermore, pressure pad por- 
tions 308 are supported by bolts 309 which include en- 
larged heads 310. The enlarged heads 310 of bolts 309 
are-captured in a recess formed in the upper surface of 
the pressure pad portions 308 and permit limited move- 
ment of the pressure pad portion 308 from a retracted 
position abutting the upper surtace of the upper mold 
section 242 to an extended position where they abut the 
periphery of the glass sheet 212. 

The molten gasket material is delivered to the mold 
cavity 218 by a cokl runner system 325 (Figs. 15). Cold 
runner system 325 includes a plurality of channels 326 
extending from an Inlet port 327 (Fig. 9) provbed in the 
mold assembly 200. Channels 326 extend from the inlet 
port 327 to a plu rality of gates 330. Gates 330 comprises 
a plug gate extending from the channel 326 downwardly 
to a portbn adjacent the mold cavity 218. Each gate 
generally includes an elongated passage way 328 hav- 
ing a first cross section at the juncture of the passage- 
way and the channel 326 and a second larger cross sec- 
tion at the juncture of the passageway and the moM cav- 
ity 218. During the injection process, cooling water is 
delivered through a system of water passages, provided 
by tubing 272 (Figs. 10 and 11), which extend through 
the upper and lower mold sections 242 and 222. The 
cooling water cools upper and lower mold sections 242 
and 222 and the injected molten gasket material as de- 
scribed in reference to the previous embodiment. This 
allows the solidified gasket material in the gate to be 
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easily removed from passageway 328. The portion of 
the solidified gasket material which remains in the pas- 
sageway is then trimmed from the gasket. In addition, 
upper mold plate 240 is movable on springs 240b and 
bolts 240a away from the top surface of mold section s 
242 to allow access to channels 326 when the mold as- 
sembly is opened. This allows the solidified mold mate- 
rial in channels 326 to be manually removed prior to the 
next mold cycle. 

As best seen in Fig. 1 2, groove 270 is spaced apart io 
from the peripheral edge of the pressure pad 246 a first 
distance, defining a shoulder 344. Groove 268 is spaced 
apart from the peripheral edge of the first seal receiving 
surface 224 of the lower mold portion a second distance, 
defining a second shoukder 346, wherein the first dis- is 
tance is generally less than the second distance. Shoul- 
der 344 preferably has a width in the range of approxi- 
mately 0.08 inches to 0.135 inches. Shoulder 344 more 
preferably has a width in the range of approximately 
0.115 inches to 0.135 inches. However, in some appli- 
cations one of the distances may be increased so that 
the upper and lower seals are aligned above and below 
the glass sheet 112 with the shoulder on the short radius 
side of the glass having a wkith in the range of approx- 
imately 0.08 inches to 0.1 35 inches and, more prefera- 2S 
biy, In the range of approximately 0.11 5 inches to 0. 1 35 
Inches. 

Additbnal fasteners or studs 354 for molding into 
the gasket material may be inserted and retained in sup- 
port assemblies 350 at spaced positions around periph- 30 
eral of the mold cavity 218 as shown in Fig. 13. Each 
support assembly 350 has a stepped, rectangular re- 
cess 352 into whrch fastener or stud 354 may be fitted 
before molding. Preferably, stud 354 is held in place by 
a magnet 351 or other reteasable device so that after 3S 
the molten thermoplastic material is injected Into the 
mold cavity and the thermoplastic material cures, the 
stud will not induce stresses into the gasket formed by 
the thermoplastic nnaterial. Molding material flows 
around the insert 354 to mold and embed it into the gas- 
ket with its upper end projecting out of the gasket for 
attachment to a vehicle. Insert 354 includes a base 355 
whtoh extends into a recess 352 to seal off the flow of 
the molding material around the upper end of the fas- 
tener as shown in Fig. 13. 4S 

In operation, mold assembly 200 is used essentially 
as described for assembly 10 except that any fasteners 
which are to be molded along with the gasket are insert- 
ed into the upper mold section 242, and held therein by 
the support assembly 350 prior to closing the mold. The so 
fasteners are thus molded in place during the mokding 
procedure. The sheet of glass 212 is delivered to the 
moti assembly 200 by an operator and positioned in the 
assembly with the help of glass hokders 335 (Fig. 8). 
which provide rigid markers for the positton of the glass ss 
sheet 212 periphery in a similar manner to the previous 
embodiment. The upper mold section 242 is closed so 
that seals 340 and 342 suspend sheet 212 while the 



molten gasket material is injected Into mold cavity 218 
through the cold runner system 325. While the molten 
gasket or casing material is injected in to the mold cavity, 
cooling water is pumped through the upper and lower 
mold sections through a series of cooling water passag- 
es 272, in a similar manner as described in reference to 
the previous embodiment. After the gasket or casing 
material is cured, the upper mold section 242 is raised 
off the lower mold section 222 and the ejector assem- 
blies 290 provided in the upper mold sections urge the 
sheet of glass away from the upper mold section 242. 
The ejector assemblies 290 provided in the lower mold 
section 222 extend their rods 296 to support glass sheet 
112 while suction cups 302 hold onto the glass sheet 
112 until it can be removed by the operator. 

Accordingly, the invention provides high pressure 
nnold assemblies and methods useful in nnaking modular 
window assemblies and other products with a gasket, 
casing or other molded portion extending around the pe- 
riphery of the sheet material without breakage or frac- 
turing the sheet material held therein. The invention al- 
lows a sheet of glass to be suspended in the mold as- 
sembly while the periphery of the sheet is molded with 
a gasket, casing or molded material, which is injected 
under high pressure, typically in the range of approxi- 
mately 2000 psi to 5000 psi. The rTK>ld assembly also 
controls the tlash" or overflow of the gasket material. 

While some forms of the inventton have been shown 
and described, other forms will now be apparent to those 
skilled in the art. Therefore, it will be understood that the 
embodiment shown in the drawing and described above 
are merely for illustrative purposes, are not intended to 
limit the scope of the invention which is defined by the 
claims which folk>w at the end of the description. 



Claims 

1 . A high pressure mold assembly for molding a mold- 
able material on a section of a sheet of rigid mate- 
rial, the sheet of rigid material having a portbn ex- 
tending into a mold cavity of said high pressure 
mold assembly into whteh molten moklable material 
is introduced under a pressure of at least about 
2000 psi, said high pressure moM assembly com- 
prising: 

first and second mold sections having firist and 
second facing surfaces respectively which de- 
fine a mold cavity therebetween, 
said first and second facing surfaces defining a 
first seal receiving surface and a support sur- 
face respectively each extending along and ad- 
jacent said mold cavity, 
at least said first seal receiving surface having 
a first groove formed therein; and 
a first resilient seal positioned in said first 
groove for pressing the sheet towards sakJ sup- 
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sembly between the first and second mold sec- 
tions such that the periphery of the sheet of ma- 
terial extends into the mold cavity; 
providing a first seal in the first groove such that 
the first seal projects from the first seal receiv- s 
ing surface of the first mold section and in- 
cludes a contact surface to engage and press 
on one surface of the sheet of material; and 
pressing the contact surface of the seal perpen- 
dicularly to the contact surface of the sheet io 
while injecting the moldable material into the 
mold cavity under a pressure of at least about 
2,000 psi. 
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